INTRODUCTION
This study investigates the validity of the use of slug (Diplosolenodes occidentalis) extract in folklore practice to treat breathing difficulty in bronchial asthma. The slug material was either parched or ground and put in meals as a powder or placed in alcoholic drinks and consumed. The leather leaf slug used in Jamaica (1) is from the phylum Mollusca and lives in a moist environment in garden areas.
Asthma is a respiratory disease which is associated with hyper-responsiveness of bronchial smooth muscle, concomitant with inflammation occurring as a result of eosinophil infiltration. As a result of this, there is obstruction of respiratory flow when tracheal constriction takes place; hence, the hallmark of asthma is obstruction of the airways, inflammation of the mucosa and increased vascular permeability (2) .
In Jamaica and the entire Caribbean, the seeds, leaves and roots of plants are used as foods and as home remedies for some medical conditions (3) . Plant materials contain many bioactive compounds which may be of potential economic value (4) . In Jamaica, 71% of patients use herbal remedies before visiting a physician (5) . Bioactive compounds from crude plant extracts and animal species have been used over the centuries for treatment of an array of diseased conditions (6) . Animal materials are not popularly used, but bio-organic studies on marine natural products, such as sea slugs, have produced many valuable compounds which can be used in medicine. The spray from the sea slug Aplysia (Aplysia californica) is used as a defence tool; further research showed its antimicrobial properties (7) . Pharmacologically active compounds have been isolated from soft corals, tunicates and molluscs (8) and the earliest record of animal-based medicine is recorded in the Holy Bible (9) .
This study places focus mainly on the ability of the isolated bioactive compound from the slug to produce relaxation of tracheal smooth muscle contraction induced by histamine when the airway is affected by allergens binding to mast cells.
MATERIALS AND METHODS

Source of chemicals
The following chemicals were obtained from Industrial and Technical Supplies, Kingston, Jamaica: sodium chloride, dihydrogen orthophosphate, magnesium sulphate, sodium hydrogen carbonate, potassium chloride (Analar), magnesium chloride (Analar), calcium chloride (dehydrate), dichloromethane, chloroform and ethyl acetate.
The following reagents were obtained from SigmaAldrich, St Louis, MO, USA: formaldehyde, hexane, albumin chicken egg (Grade 3), histamine-bisphosphate, diphenhydramine and eosin. Absolute ethanol was obtained from Industrial and Technical Supplies (Kingston, Jamaica) and haematoxylin and eosin from Hopkins and Williams, Ltd, Essex, England.
Physiological solution pH 7.4
Krebs-Henseleit Buffer (KHS) contained the following in mM: 118 sodium chloride (NaCl), 5.9 potassium chloride (KCl), 25 sodium bicarbonate (NaHCO 3 ), 1 sodium dihydrogen bisphosphate (NaH 2 PO 4 ), 2 calcium chloride (CaCl 2 ), 1 magnesium sulphate (MgSO 4 ) and 11 D (+) glucose saturated with 95% O 2 -5% CO 2 .
Collection of slugs for preparation of extract Slugs were collected from the garden area of The University of the West Indies, Mona, and were washed in order to remove debris of soil and vegetation. The environment was free of pesticide. Classification was done by the Department of Life Sciences, Zoology section (The University of the West Indies, Mona) as Diplosolenodes occidentalis from the phylum Mollusca.
Method of isolation of pure compound from crude extract
Slugs were parched at a temperature of 120°C. The powdered material was extracted in ethanol (95%) at a temperature of 4°C for 72 hours. Filtration by gravity was done using Whatman filter paper #2. The crude sample of slug extract was received in ethanol which was evaporated at 60°C in a rotary evaporator. This crude sample was loaded on the silica flash column (Bond Elute Mega BE-Si, 100GM 600 mL-Silicycle) primed with 200 mL of 100% hexane. The elution continued with 200 mL of 1% ethyl acetate in hexane followed by a percentage gradient increase of ethyl acetate in hexane: 1.5%, 2%, 2.5% to 10%.
Thin layer chromatography (TLC) run was done using the solvent system of 5% methanol in dichloromethane as the mobile phase. The TLC plate was dried and sprayed with developing reagent phosphomolybdic acid solution to identify the number of compounds present. R f (retardation factor) values were calculated from the TLC profiles and fractions with identical values pooled together and tested for biological activity against histamine-induced tracheal smooth muscle (guinea pig) contraction.
Nuclear magnetic resonance spectroscopy
This method was used to give a complete analysis and interpretation of an entire spectrum of the pure compound. Nuclear magnetic resonance (NMR) spectroscopy is an analytical chemistry technique used for determining the content and purity of a sample as well as its molecular structure (10) . Nuclear magnetic resonance can quantitatively analyse mixtures containing known compounds. For unknown compounds, NMR can either be used to match against spectral libraries or to infer the basic structure directly.
Animal studies
In vitro studies The treatment of animals was approved by the University Hospital of the West Indies/University of the West Indies/ Faculty of Medical Sciences Ethics Committee. Adult male guinea pigs (400−450 g) were sacrificed by administration of 75 mg/kg of sodium pentobarbital by the intra-peritoneal route (11) . The trachea was excised and placed in Krebs Henseleit solution in a petri dish. The adherent connective tissue was dissected from the outer tracheal rings and the lumen gently flushed with physiological solution. The trachea was cut into sections containing 3−4 cartilage bands (12) (13) (14) , and each ring was opened to form a strip by cutting through the cartilage on the opposite side of the muscle band (15) . This tissue was set up in Krebs Henseleit solution under continuous aeration with 95% oxygen and 5% carbon dioxide in a 20 mL organ bath maintained at a temperature of 37°C. Each strip was anchored at the bottom of the bath by a loop of thread attached to the lower half section of the cartilage bands. The upper half section of the cartilage bands with the broad band of tracheal smooth muscle in between was attached to a length of thread that was connected to a force displacement transducer which was in turn connected to a polygraph (Grass model 15LT physioamplifier system with 15A12 dual DC amplifier) for recording isometric tension. The tissue was allowed to equilibrate for one hour under a resting tension of 1 g.
Effect of glyceryl trilinolenate on histamine-induced contractions
Histamine-induced control contractions were given via cumulative dosing at three-minute intervals or as soon as plateau was attained. The doses of histamine given were 2 µg (3.1 x 10 -7) to 32 µg (4.9 x 10 -6) as log doses. The doses of pure compound glyceryl trilinolenate (GT) used were 62.6 µg, 125 µg, 250 µg, 500 µg and 1000 µg (n = 6). All doses were added to a 20 mL organ bath. As an oil, GT was dissolved in 95% ethanol before addition to the bath.
Receptor action of glycerol trilinolenate
In further investigations, the effect of the pure compound (GT) was tested in the presence of a selective H 1 agonist, histamine trifluoromethyl toluidide (HTMT) dimaleate. For this investigation, the guinea pig tracheal muscle strips were used. Histamine trifluoromethyl toluidide dimaleate (200 g in 0.3 mL of water as vehicle) was given in the presence of the pure compound (250 µg).
In vivo experiments
Sensitization of animals Guinea pigs weighing 250−300 g were sensitized with ovalbumin (16) . The process involved administration of intraperitoneal injections of ovalbumin (10 mg/kg) on alternate days for three days. Thirty days after the last injection, the animals were tested for cutaneous response produced by intradermal injection of ovalbumin and histamine.
Presentation of the experimental data
Data are given as means ± standard error of the mean (SEM). Test for statistical significance was executed by the Student's t-test (paired). Values of p < 0.05 were considered to be statistically significant. The graphing programme used is Sigma Plot for Windows, version 11.
RESULTS
Spectral studies
Thin layer chromatography results showed that the bioactive fraction appeared as one spot on the silica plate and the percentage yield was calculated to be 0.05%.
H nuclear magnetic resonance spectral data showed the signal details listed.
The peaks (Fig. 1) were noted and assigned in the following manner: 1) A large singlet at δ 1.29, indicative of terminal methyl groups on the fatty acid of the triglyceride. 2) Multiplets between δ 1.60 and 2.89, representing the methylene portions of the acidic moiety.
This 13CNMR spectrum of glyceryl trilinolenate provides information concerning:
C The number of different types of carbon atoms present in the molecule. C The electronic environment of the different types of carbons. C The number of "neighbours" a carbon has (splitting). 1) Signals at 1 δ 73.3 and 172.9 represent carbonyls of ester group in two different environments. 2) Shift at δ 62.1 represents methylene carbons of the glycerol portion of triglyceride.
3) Peak at δ 68.9 represents methane carbon of the glycerol portion of triglyceride. 4) Seven olefinic peaks at 1 δ 27.1, 127.7, 127.9, 128.1, 128.3, 130.2 and 131.9, representing the double bonds in the fatty acid chains. The compound glyceryl trilinolenate or trilinolenin was identified (Fig. 3) . It is a polyunsaturated fat belonging to the omega-3 category of fats. These omega-3 type fats are associated with beneficial cardiovascular effects. This compound also exhibits antioxidant properties.
Pharmacological studies of the pure compound, glyceryl trilinolenate Effect of glyceryl trilinolenate on tracheal smooth muscle contraction
In all in vitro experiments (n = 6), guinea pig smooth muscle strips were used. The polyview along with a 15LT physio amplifier system (Grass Instruments) connected to a force transducer recorded isometric tension. Contractile tension, measured under isometric condition, was induced by histamine 2 µg (3.1 x 10 -7 M) to 16 µg (2.48 x 10 -6 M] in guinea pig tracheal smooth muscle strips that were maintained under resting tension of 1.0 g in aerated Krebs Heinslet solution pH 7.4. The effect of increasing doses of histamine in the presence of vehicle (2.8% alcohol solution) produced a progressive increase in tension in the tracheal muscle strips; this contractile effect produced a maximum tension of 2.0 ± 0.2 g. In the presence of 62.5 µg of pure compound of GT, there was a slight reduction in tension by 15% (Fig. 4) or 0.3 g (p > 0.05, n = 6). This inhibiting effect of GT was not statistically significant. However, in experiments (n = 6) using 125 µg of GT (7.2 x 10 -6 M), there was a reduction of contractile tension by 54%. The control maximum rise in tension was recorded as 1.48 g, but in the presence of the 125 µg of GT (Fig. 5) , the tension was reduced by 0.8 g (p < 0.05, n = 6); this was statistically significant. In experiments (n = 6) using 250 µg of GT (1.43 x 10 -5 M), there was a reduction of contractile tension by 70% (Fig. 6) .
The control maximum rise in tension was recorded as 1.68 g and in the presence of this concentration of antagonist, tension was reduced to 1.18 g (Fig. 6) . Results from data using 500 µg (2.86 x 10 -5 M) of GT (Fig. 7) showed a 75%
3) Multiplet at δ 4.25 belonging to the methylene groups of the glycerol portion of the triglyceride. 4) Singlet at δ 5.5 representing olefenic protons in the fatty acid portion of the triglyceride. reduction of contractile tension. The maximum contraction of the control with histamine was 1.57 g and there was reduction to 1.19 g (p < 0.05) in the presence of GT; these results were statistically significant. The results obtained with 1000 µg of GT (Fig. 8 ) was highly statistically significant (p < 0.00001, n = 6). In the control experiment, a maximum tension of 1.4 g was recorded, but in the presence of 1000 µg (5.7 x 10 -5 M) of GT, there was a relaxation of 92% and a reduction in contractile tension to 0.89 g.
H 2 agonist, dimaprit dihydrochloride, did not contract the tracheal muscle strips when various doses (60−180 µg) were used. Therefore, these results suggest that H 2 receptors did not contribute to the contractile tension that was inhibited by GT. These results also suggest that the inhibitory effect of GT against HTMT-induced contractions was due to interaction with H 1 receptors in the tracheal muscle strips.
Type of antagonism produced by glyceryl trilinolenate
Increasing doses of histamine did not surmount the inhibitory action of the antagonist GT. Also, the maximum contractile tension obtained in the presence of GT was depressed in all experiments (Figs. 5−8) and based on these results, competitive antagonism was ruled out. Dose ratios for histamine in the presence of GT could not be established, because the inhibition was not surmounted by increasing doses of histamine. Therefore, the Schild's Plot was not generated and there was no evidence of competitive antagonism by GT. Instead, the evidence suggests that GT may have produced its effects by non-competitive antagonism. Additionally, to support this, dose response curves (Figs. 5−8) showed the characteristic depression of the maximum tension and nonparallel dextral shift to the right in all graphs and this represents the profile of non-competitive antagonism.
DISCUSSION
In this study, a pure bioactive compound was extracted from crude garden slug (Diplosolenodes occidentalis) extract. In Jamaica, parched and ground slug materials are used in folklore practice in some agricultural communities for treatment of bronchial asthma. Since the practitioners who used the slug material are from agricultural areas, it was reasonable to assume that the claimed therapeutic effectiveness of the slug material may be associated with asthma triggered by atopic allergy due to exposure to allergens in the community. The dark brown crude viscous material was prepared and absorbed onto silica for flash column chromatographic separation. Spots from TLC were identified by spraying with the developing reagent consisting of phosphomolybdic acid and ceric sulphate. This developing reagent permitted identification of a broad range of chemicals such as sphingophospholipids (15) and lipid compounds, steroids, phenols and fatty acids (16) and thus maximized the potential for inclusion of the bioactive compound in one of the separated TLC spots.
Spectral studies identified the bioactive compound GT, a triglyceride of linolenic acid, consisting of a glycerol backbone with substituent of three linolenic acid molecules (Fig. 3) .
When GT was investigated for antihistamine properties, it produced a dose-dependent inhibition of histamineinduced contraction of guinea pig isolated tracheal smooth muscle strip. The inhibition was not surmountable with increasing addition of histamine. Glyceryl trilinolenate inhibited H 1 receptor-induced contraction produced by HTMT dimaleate, a selective H 1 agonist (17) on guinea pig tracheal tissue. The selective H 2 agonist, dimaprit hydrochloride, had no effect on isolated tracheal muscle strip (18) . This ruled out H 2 receptor mediation of GT inhibition of histamineinduced contraction of the guinea pig isolated tracheal muscle. Therefore, GT was present in the crude material Therapeutic Effect of Garden Slug Material 406 
